Abstract Previous studies using immunohistochemistry suggest that loss of the expression of the prostatederived Ets transcription factor (PDEF) is a strong indicator for cancer cell malignancy. However, the underlying mechanism for this has not been well elucidated. We determined the role of PDEF in breast cancer cell growth and tumor formation using a series of experiments including Western blotting, promoterluciferase reporter assay, RNA interference technology and a mouse xenograft model. We also determined the relationship between PDEF expression in human breast tumor specimen and cancer patient survivability. These studies revealed that PDEF expression is inversely associated with survivin expression and breast cancer cell xenograft tumor formation. PDEF-specific shRNAmediated silencing of PDEF expression resulted in the upregulation of survivin expression in MCF-7 cells, which was associated with increased cell growth and resistance to drug-induced DNA fragmentation (apoptosis). In contrast, survivin-specific siRNA-mediated silencing of survivin expression decreased MCF-7 cell growth. Ectopic expression of PDEF inhibited both survivin promoter activity and endogenous survivin expression. Importantly, shRNA-mediated silencing of PDEF expression in MCF-7 breast cancer cells enhanced survivin expression and xenograft tumor formation in vivo. Furthermore, loss of PDEF expression in breast cancer tissues tends to be associated with unfavorable prognosis. These studies provide new information for the role of PDEF and survivin in breast cancer cell growth and tumor formation.
human prostate-specific Ets) acts as a tumor suppressor [1] [2] [3] . Although human prostate carcinoma cell lines PC-3 and LNCaP express PDEF mRNA, PDEF protein is exclusively expressed in normal prostate glandular epithelial cells [1] . This indicates an important clue that blockade of PDEF protein translation in cancer cells may actually be required for tumor cell malignancy. Immunohistochemical detection of PDEF protein from 19 clinical prostate cancer specimens showed that staining intensities for PDEF in normal glands, hyperplastic glands, and prostate intraepithelial neoplasia lesions are significantly stronger than those in prostate cancer lesions. Moreover, even approximately 30% of prostate cancer lesions display a completely negative staining for PDEF [2] . These authors indicated that negative immunoreactivity for PDEF strongly suggests malignancy, and that decreased immunoreactivities of glands for PDEF could suggest prostate cancer [2] . Similarly, it was also shown that PDEF is highly expressed in normal breast epithelial cells [3] . PDEF protein is reduced in human invasive breast cancer and is absent in invasive breast cancer cell lines [3] . More importantly, adenovirus-mediated ectopic expression of PDEF in breast cancer cells leads to inhibition of invasion, migration, and growth [3] . These observations strongly argue a potential role of PDEF in tumor suppression not only in prostate cancer but also in other cancers such as breast cancer.
While the molecular mechanism for the effects of PDEF in the inhibition of invasion, migration and growth is not fully clear, it is likely that PDEF acts as a transcription factor and modulates the transcription of its downstream specific targeting genes. Survivin, a novel member of the inhibitor of apoptosis (IAP) protein family, has been demonstrated to be involved in promoting tumorigenesis [4] , cancer progression, poor disease prognosis, short patient survival and drug/radiation resistance [5, 6] . Here, we report that the survivin gene is a potential downstream target for the PDEF transcription factor. Ectopic expression of PDEF downregulates survivin expression and its promoter activity in MCF-7 breast cancer cells. In contrast, knockdown of PDEF expression by stable expression of PDEFspecific shRNA results in the upregulation of survivin expression and its promoter activity. More importantly, shRNA-mediated knockdown of PDEF expression in MCF-7 cells increases survivin expression and xenograft tumor formation in vivo, and loss of PDEF expression in breast cancer tissues tends to be associated with unfavorable prognosis. Thus, consideration of both PDEF and survivin may result in better prognosis.
Materials and methods

Cell lines
MCF-7, U937, HeLa, SKBR3, BT-549 and MDA-MB-231 cancer cell lines were grown in DMEM medium supplemented with 10% fetal bovine serum (FCS), 100 units/ml of penicillin and 0.1 lg/ml of streptomycin in a 5% CO 2 incubator.
Western blot analysis
Western blot analysis of PDEF, survivin and actin expression was performed as previously described [7] . The protein concentration of cell lysates was determined using a BCA kit (Pierce). PDEF antibody was generated in this study (see below) and diluted to 1000·. Survivin antibody was purchased from Santa Cruz (sc-10811) and diluted to 500·. Actin antibody was from Sigma (A2066) and diluted to 5000·. Signals were detected using a HRPL kit (National Diagnostics/LPS, Rochester, NY) or a Chemo-luminescent Reagent Plus kit (Perkin Elmer) and visualized by autoradiography after various exposure times (usually 20-120 s).
Tissue procurement, isolation of RNA and RT-PCR Human breast tissues were obtained from the tissue bank facility at Roswell Park Cancer Institute through an Institutional Review Board (IRB)-approved protocol. The characteristics of the tissues used for RNA isolation are summarized in Table 1 . Tumor samples grouped on the basis of histology and stage of each tumor were classified according to WHO criteria. To preserve the quality of RNA, corresponding adjacent normal and tumor tissue specimens from individual patients obtained from surgery were immediately immersed in the ''RNA later'' solution (Ambion, Austin, TX). Total RNA was isolated from cells or tissues using Tri Reagent TM (MRC Inc., Cincinnati, OH) as previous described [8, 9] . To test the quality of RNA, 5 lg of isolated total RNA from each samples was separated through a 1% agarose gel containing 0.45 M formaldehyde. Intact bands for 18S and 28S rRNAs without degradation were used as a criterion for assessing the quality of isolated total RNAs from human breast cancer tissues and cell lines (Fig. 2B) . The percentage of tumor vs. normal tissue and epithelial vs. stromal cell population in each tumor tissues was not determined. The mRNA expression for PDEF, survivin and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was determined using a one-step RT PCR kit (Qiagen) as previously described [9] . The primers used for RT-PCR were: 5¢-ATG GGC AGC GCC AGC CCG GGT C-3¢ (forward) and 5¢-TCA GAT GGG GTG CAC GAA CTG GT-3¢ (reverse) for PDEF PCR products (1008 bp), 5¢-GAG GCT GGC TTC ATC CAC TG-3¢ (forward) and 5¢-CAG CTG CTC GAT GGC ACG GC-3¢ (reverse) for survivin PCR products (299 bp), and 5¢-GCT TCC CGT TCT CAG CCT TGA C-3¢ (forward) and 5¢-ATG GGA AGG TGA AGG TCG GAG-3¢ (reverse) for GAP-DH PCR products (195 bp, internal control).
Generation of PDEF small hairpin RNAs (shRNA) and PDEF shRNA stable MCF-7 cell transfectants A DNA sequence of 21 nucleotides (underlined) in the coding region of PDEF mRNA, which matched the optimal siRNA criteria in an algorithmic program from InvivoGene (San Diego, CA), was selected to design the PDEF shRNA gene. The shRNA gene containing the 21 nucleotide DNA sequence was: 5¢-TCC CAC  CTG GAC ATC TGG AAG TCA GTC AAG AGC  TGA CTT CCA GAT GTC CAG GTT T-3¢ (sense)  and 5¢-CAA AAA ACC TGG ACA TCT GGA AGT  CAG CTC TTG ACT GAC TTC CAG ATG TCC  AGG T-3¢ (antisense) . The above two synthesized DNA sequences were annealed as previous described [10] and directly cloned into psiRNA-hH1zeo Vector (InvivoGen) at the BbsI site to generate the pPDEFshRNA expression vector, which was confirmed by sequencing. MCF-7 cells (70-80% confluence) in sixwell plates were transfected with 5 lg pPDEF-siRNA or psiRNA-hH1zeo (negative control) in serum-free medium using Lipofectamine TM 2000 Plus according to the manufacturer's recommendations (Invitrogen). Stable transfectants were selected with Zeocin (500 lg/ ml). After drug selection, 10 individual clones were evaluated by both RT-PCR and western blots. When multiple clones were tested, it was found that clones with less silencing of PDEF only resulted in a minimal upregulation of survivin. We selected the clone demonstrating the most effect on PDEF protein level for the studies.
MTT assay for cell growth MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assay (or directly counting cell numbers) was used to determine cell growth as we previously described [8] . The assay is based on the conversion of the yellow tetrazolium salt MTT to purple formazan crystals by metabolically active cells. Thus, this method provides a quantitative determination of viable cells. Equal cells with or without transfection were seeded in the 96-well plates in triplicate at a density designed to reach subconfluence at the time of assay. Wells with medium alone were considered as blank. At 24 and 48 h after seeding, 10 ll of MTT was added to each well of cells including the corresponding controls and the plate was incubated for 4 h at 37°C. The MTT crystals from both attached and floating cells were solubilized in 100 ll of 10% SDS and subjected to centrifugation to pellet the cellular debris. Spectrophotometric absorbance from each sample was measured at 570 nm using an ultra Microplate Reader.
PDEF cDNA cloning
The full-length PDEF open reading frame [11] was amplified from normal prostate tissue mRNA by RT-PCR using the two PDEF primers described above, and subsequently cloned into the pcDNA3.1/v5-His TOPO (Invitrogen). The PDEF cDNA sequence in the resulting pcDNA3.1-PDEF expression vector was confirmed by restriction enzyme digestion and sequencing.
Transfection and luciferase assay HeLa, MDA-MB-231, BT-549 or MCF-7 cells in each well were cotransfected by the survivin promoter- luciferase construct (pLuc-6270 or pLuc-2840) characterized previously [12] along with the PDEF expression vectors (pcDNA3.1-PDEF) or the control vector (pcDNA3.1). Cells were lysed 36-48 h after transfection, and luciferase activity was assessed using a Dual Luciferase Reporter Assay System (Promega). Detailed transfection and luciferase activity assays were performed as previously described [13] .
PDEF-fused protein preparation and its antibody generation
The N-terminal segment of PDEF cDNA (GenBank accession no. NM01239) coding amino acid 1-104 was generated by PCR amplification. The amplified PCR product was cleaved with Nde1 and ligated into the pET15b expression vector (Novagen) at the Nde1 site. The ligation mixture was transformed into E. coli DH5aMCR, and the correct clone was identified by restriction enzyme digestion, followed by sequencing confirmation. For protein expression, E.coli BL21 (DE3) transformed by the recombinant plasmid was induced by 1 mM IPTG. PDEF protein was purified from bacterial cell lysates by affinity chromatography on Ni-NTA column. The purified PDEF protein was used as antigen for antibody production in rabbits. Two young adult New Zealand white rabbits were immunized with purified N-terminal 1-104 peptide of PDEF protein that does not have homology to other Ets factors. Anti-sera were purified by affinity column following the manufacture's instruction (Pierce, Rockford, IL). Specificity of this antibody was demonstrated by Western blots using cell lysates from PDEF positive (MCF-7 [3] ) and negative (Skbr3 [3] , HeLa and U-937 [11] ) cells as well as PDEF protein (additional positive control) ( DNA fragmentation cell death detection DNA fragmentation assay was performed using a Cell Death Detection ELISA assay kit (Rohe, Indianapolis, IN) as previously described [8] . Elisa results were measured at 405 nm using an ultra Microplate reader.
Immunohistochemistry (IHC) analysis
The adjacent normal breast tissues used in IHC were obtained from the Translational Research Tissue Support Resource of Pathology, Roswell Park Cancer Institute (RPCI) and inspected by a pathologist. The IHC study was performed in pathology laboratory following the Institutional Review Board (IRB)-approved protocol. Fourteen recently diagnosed breast carcinomas were selected for immunohistochemical staining. The tissue sections examined contained both infiltrating tumor and adjacent normal tissue. Of these tumors, six were Bloom Richardson Grade (BRG) 1, two were BRG 2 and six were BRG 3. All the specimens were formalin-fixed and paraffin-embedded. Deparaffinized tissue sections were rehydrated, and endogenous peroxidase activity was blocked using 3% H 2 O 2 for 10 min. Specimens on slides were microwaved in citrate buffer antigen retrieval solution (Vector Laboratories) twice for 5 min each and washed with PBS for 5 min. Slides were blocked with 10% normal goat serum in PBS for 30 min and incubated for over night with PDEF antibody diluted in PBS (1:100). The slides were washed with PBS three times for 5 min each, incubated with biotinylated secondary antibody (goat anti-rabbit diluted in 1:100 in PBS contain 1.5% normal goat serum) for 30 min.
Immunohistochemical staining was performed using avidin-biotin complex (ABC) method (ABC Kit, Vector Laboratories, Burlingame, CA). A positive reaction was detected using 3, 3-diaminobezidine (DAB) (Vector Laboratories) and counterstained with light green. The cells with nuclear PDEF staining were considered as immunohistochemically positive. Tumors were graded using a Bloom-Richardson grading system. The average nuclear staining intensity of PDEF staining versus tumor grads was compared with that of normal breast tissues present in the same section and evaluated as strong, moderate, week, and negative. No staining was observed with negative control samples (absence of primary antibody or incubation with normal rabbit IgG). Immunocytochemistry was performed similar to IHC with the exception that resuspended MCF7 cells in the 10% formaldehyde solution at the density of 1 · 10 6 /ml were fixed on slides.
MCF-7 cell xenograft tumor formation in SCID mice
The MCF-7 cells stably transfected with either the control vector (psiRNA) or the pPDEF-shRNA expression vector were used in this study. Six week-old female SCID mice, obtained from Animal facility of Roswell Park Cancer Institute, were subcutaneously injected at the right flank of the back region of mice with 5 · 10 6 MCF-7 cells per injection in PBS buffers. Mice were maintained in a pathogen-free environment and observed for xenograft tumor formation over 12-week periods. During the experiment, the mice were examined weekly. Tumor sizes were measured as follows: Tumor length (L) and width (W) were measured using a vernier caliper. The tumor volume (V) was calculated by formula:
). Mice were scarified before a tumor mass reached 2 cm in the longest diameter. Selected tumors were isolated from scarified mice and immediately preserved in RNA later solution (Ambion) for future analyses. The experiment was performed in accordance with a mouse protocol, which was reviewed and approved by the Institute Animal Care and Use Committee (IACUC).
Statistical analysis of experimental data
A ''t-test'' was used for analysis of the significance, and significance (p value) was set at the normal level of 0.05 or less. A log-rank test was used to evaluate the significance in tumor formation differences between the PDEF-silencing xenograft group and the control cell xenograft group [14] . The Kaplan-Meir method was used for calculating survivability and the construction of survival graphs [15] .
Results
Expression of PDEF protein is inversely associated with survivin expression and breast cancer cell malignancy
The specificity of PDEF polyclonal antibodies was characterized by Western blots with PDEF positive and negative cells as well as PDEF protein as shown (Fig. 1A, upper panel) , which is generally consistent with the mRNA expression in these cells determined by RT-PCR (Fig. 1A, lower panel) . However, as previously reported that PDEF mRNA expression may not represent PDEF protein expression [1] , a low PDEF mRNA but not protein was found in Skbr3 breast cancer cells (Fig. 1A, lower panel) . The xenograft tumor-take-rate for MCF-7 cells is approximately 20% (Ling and Li, unpublished observation) and for MDA-MB-231 cells is 100% in the absence of estrogen in SCID mice [16] . Western blots indicated that MDA-MB-231 cells highly express survivin without the expression of PDEF (Fig. 1B) . In contrast, MCF-7 cells express PDEF protein with much reduced survivin expression (Fig. 1B) . The expression of PDEF in MCF-7 cells was further confirmed by immunocytochemistry (Fig. 1C) . Importantly, while survivin was undetectable (not shown) or with a very low level in normal breast tissues [5] , we found that PDEF is highly expressed in both ductal and lobular epithelial cells within normal breast tissues (Fig. 1D) . In contrast, the expression of PDEF protein was markedly reduced in breast tumor tissues while survivin expression was significantly increased (Fig. 1E ). These observations suggest that PDEF expression may downregulate the expression of survivin, and loss of PDEF expression with the upregulation of survivin may contribute to cancer cell growth.
Silencing of PDEF expression by stable expression of PDEF shRNA upregulates survivin expression
To corroborate whether PDEF negatively regulated survivin expression, we employed the PDEF-specific shRNA approach to silence PDEF expression. MCF-7 cells were stably transfected with either the control vector or the PDEF shRNA expression vector. Individual clones were selected on the basis of silenced PDEF and increased survivin expression profiles determined by RT-PCR and Western blots. Consistent with the finding shown in Fig. 1 , stable expression of the PDEF shRNA blocked PDEF expression and accordingly upregulated survivin mRNA as compared with corresponding controls (Fig. 2A) . The total mRNA quality was confirmed by Northern blot analysis (Fig. 2B ) Importantly, silencing of PDEF expression subsequently resulted in the upregulation of survivin (Fig. 2C) , which was associated with increased cell growth determined by MTT assay as compared with the control (Fig. 2D) . In contrast, survivin-specific siRNA-mediated silencing of survivin expression [10] decreased MCF-7 breast cancer cell growth (Fig. 2E ).
More importantly, cells with the silencing of PDEF expression resisted cisplatin-induced apoptosis (DNA fragmentation, Fig. 2F ). These results suggest an opposing functional relationship between PDEF and survivin as well as the survivin gene may be a downstream target for PDEF.
Ectopic expression of PDEF downregulates survivin promoter activity and endogenous survivin expression Next, we hypothesized that if PDEF-mediated inhibition of survivin involves decreased survivin transcription, forced expression of PDEF should downregulate survivin promoter activity, and that survivin promoter activity should be much higher in PDEF-negative cell lines than in PDEF-positive ones. Consistent with this hypothesis, ectopic expression of PDEF in the PDEFnegative breast cancer MDA-MB-231 (Fig. 3A) as well as in carcinoma HeLa (Fig. 3B ) cells inhibited survivin promoter-driven luciferase activity. Consistent with the fact that BT-549 breast cancer cells are PDEF-negative and MCF-7 cells are PDEF-positive (Fig. 3C, inset) , survivin promoter-luciferase reporter assay experiments indicated that survivin promoter-driven luciferase activity was much higher in BT-549 cells than in MCF-7 cells (Fig. 3C) . Importantly, ectopic expression of PDEF also downregulated endogenous survivin expression (Fig. 3D) . Although out of the main focus of this study, the molecular mechanism by which PDEF downregulates survivin transcription warrants further investigation, (see Discussion).
Silencing of PDEF expression by PDEF-specific shRNA in MCF-7 cells upregulates survivin and promotes xenograft tumor formation in SCID mice
To gain insights into the potential negative role of PDEF expression in tumorigenesis in vivo, we performed xenograft experiments in SCID mouse using MCF-7 cells in which PDEF expression was permanently silenced by the stable expression of PDEF-specific shRNA (Fig. 2) . MCF-7 cells, which stably expressed either control vectors or PDEF shRNA expression vectors, were injected into SCID mice (see Materials and methods), respectively. The xenograft tumor formation was observed over a 12-week period after injection. As shown in Fig. 4A and Table 2 , silencing of PDEF expression strikingly accelerated xenograft tumor formation as compared with the control vectortransfected cells (p value = 0.00184). We further analyzed by Western blots the expression of PDEF and survivin in some of PDEF-silencing xenografts isolated from SCID mice (Fig. 4B) . Consistent with the cellbased in vitro results that PDEF downregulated survivin expression and promoter activity, the data from xenograft tumors showed that loss of PDEF expression is associated with increased expression of survivin as compared with the control cells before injection (Fig. 4B ). These observations suggest that upregulation of survivin resulted from the loss of PDEF may contributes to xenograft tumor formation in vivo and agues that loss of PDEF is required for xenograft tumor growth.
Expression of PDEF in breast cancer tissues tends to be associated with good prognosis and clinical outcome for breast cancer patients
We further evaluated the association of clinical outcome of 27 breast cancer patients with PDEF expression determined by one-step RT-PCR in the primary tumors. As shown in Table 1 , 21/27 tumors expressed PDEF. None of these patients died. In contrast, among the six with PDEF-negative tumors, four (66.6%) of the patients died of disease. Additionally, there is a trend towards a negative correlation between PDEF expression and disease progression/recurrence (Table 1 ). However, due to the small sample size, the result from the Kaplan-Meir analysis of patient survivability was not significant (not shown). We next investigated the expression of the PDEF protein in 14 recently diagnosed breast infiltrating carcinomas and the corresponding adjacent normal breast specimens by immunohistochemical staining. Of these tumors six were Bloom Richardson Grade (BRG) 1, two were BRG 2 and six were BRG 3. In each case, the normal mammary ducts and terminal ductal-lobular units showed strong nuclear expression of the PDEF protein (Fig. 5A, B) . In contrast, the infiltrating tumor cells in each case showed decreased or negative PDEF (Fig. 5C, D) . The percentage of loss of PDEF expression appeared to be increased in the higher BRG tumors (3/6, 50%) as compared with the lower BRG tumors (0/6 0%, Table 3 ).
Discussion
Ets family transcription factors function as transcriptional activators or repressors by binding to the ''GGAA/T'' DNA motif of target genes which play important roles in development, angiogenesis, cell proliferation, differentiation, apoptosis, transformation and tumor invasion [17, 18] . PDEF is a unique member in the Ets protein family and was cloned from human [11] and mouse [19] in 2000. It was found that, although both normal epithelial cells (in the prostate, colon and breast) and cancer cells express PDEF mRNA, PDEF protein is largely expressed in normal epithelial cells [1, 3] . Thus, exclusively looking at the PDEF mRNA expression in cancer may not reflect the real expression of PDEF protein. Nevertheless, PDEF protein tends to be either reduced or lost during cell malignancy and cancer progression [2, 3] . Here, we should point out that a recent study reported a positive role of PDEF in cell migration [20] . The authors also showed that PDEF mRNA (protein not determined in this study) is overexpressed in breast cancer tissues in comparison with PDEF mRNA in normal breast tissues. Nevertheless, our studies revealed that PDEF protein is highly expression in the epithelial cells of normal breast tissues (Figs. 1D, 5A , B), which is consistent with the highly expression of PDEF mRNA in normal breast, colon and prostate tissues shown previously [3] . PDEF protein tends to be reduced or lost during breast cancer progression (Fig. 5C , D and Table 3 ). In this report, our data revealed that (1) PDEF is expressed at high levels in normal breast tissues whereas it is downregulated in tumors and its expression tends to be lost in invasive carcinomas; (2) the expression of PDEF protein in MCF-7 breast cancer cells negatively regulated the expression of survivin and its promoter activity, and (3) the upregulation of survivin resulted from the silencing of PDEF increases MCF-7 breast cancer cell growth in vitro (which is inhibited by silencing of survivin expression) and xenograft tumor formation in vivo. These findings are consistent with the function of survivin in promoting tumorigenesis [4] and cancer progression [5] , while inhibition of survivin expression or function blocks xenograft tumor formation [21, 22] .
As a note, although our experiments revealed that higher expression of PDEF in normal breast tissues and lower or no expression of PDEF in breast tumor tissues (Fig. 5 ) were inversely associated with the expression of survivin (Fig. 1E) , exceptional examples selected from the highest PDEF expression in a particular individual breast tumor tissue and the lowest PDEF expression in a particular individual normal breast tissue may not well match the inverse association with the expression of survivin. This may result from the fact that survivin is usually negative in normal tissues regardless of the expression level changes of PDEF, which suggests that the silence of survivin expression in normal adult tissues is attributed to a more complex reason than PDEF expression. Here, we should also point out that although we have demonstrated in this report that PDEF downregulates survivin expression and promoter activity, additional experiments will be required for delineation of the molecular mechanism by which PDEF downregulates survivin transcription. Regardless of the molecular mechanism for PDEFmediated inhibition of survivin transcription, we have provided additional clinical data in this report to support a potential role for PDEF in the suppression of tumor cell growth and xenograft formation in vivo. Previous studies revealed that many types of cancer including breast cancer express a high level of PDEF mRNA [9, [23] [24] [25] . However, it has been shown that although both normal epithelial cells and cancer cells express PDEF mRNA, PDEF protein may not be expressed in epithelial cellderived cancer tissues [1, 3] . Thus, PDEF mRNA expression in cancer may not reflect the expression of PDEF protein. Since the role of PDEF in clinical outcome is currently unknown, in this report we have analyzed a small cohort of clinical tumor specimens at both PDEF mRNA and protein level. Although the result from analyses of patient survivability was not shown to be significant, the overall information obtained from the analysis of these clinical specimens indicates that the expression of PDEF protein tends to be associated with good prognosis. Further studies using a large cohort of clinical specimen will be required. As a note, we have observed the positive staining of PDEF in non-nuclei of the cell in normal breast tissues (Fig. 5 ) and occasionally in breast cancer tissues as well. We believe that the nonnuclear staining of PDEF reflects the cytoplasmic pool of PDEF expression. However, the significance for this pool of PDEF is currently unknown. However, since the known function of PDEF is acting as a transcription factor in the cell nuclei, the cytoplasmic pool of PDEF appears to be the transcriptionally non-functional PDEF and may represent the stored PDEF for use in the nuclei when needed. To confirm the major expression of PDEF in nuclei, we fractionated cell lysates into cytoplasmic and nuclear factions using a nuclear and cytoplasmic extraction kit (Pierce), and followed by Western blot analysis. The experiment showed that approximate 90% of PDEF is enriched in the nuclear fraction and about 10% in the cytoplasmic fraction.
In sum, we have, for the first time, demonstrated that PDEF downregulates survivin expression in MCF-7 breast cancer cells. Silencing of PDEF expression upregulated the expression of survivin, increased cancer cell growth, resisted drug-induced cell death in vitro and promoted xenograft tumor formation in vivo.
